Summary.
Spermatozoa of the opossum, Didelphis virginiana, were taken from three different regions of the epididymis and examined by scanning electron microscopy, phasecontrast and dark-field microscopy.
It has been demonstrated that marked morphological changes occur in spermatozoa during their passage through the epididymis.
In the first segment or head of the epididymis, spermatozoa are non-motile and the long axis of their nuclei is perpendicular to that of the tail. The nucleus is V-shaped with a thick and a thin arm.
At the junction of the two arms, where the arms join, the articular fossa receives the capitulum of the connecting piece which attaches the head of the spermatozoon to the tail.
Spermatozoa from the central region of the epididymis show a re-orientation of the nuclei which now lie parallel to the long axis of the tail. Both paired and unpaired spermatozoa are found and show an increase in motility.
In the caudal region of the epididymis all spermatozoa are paired. Pairing occurs as a result of the close apposition of adjacent cell membranes covering the acrosomes of the larger arms.
Pairing of spermatozoa of the North American opossum, Didelphis virginiana, was reported first by SELENKA (1887) who observed that sperm recovered from the vaginas of recently bred females, swam in closely united pairs. Similar pairing of spermatozoa has been found to occur in all of the South American marsupials studied to date, but has not been observed in the Austral-Asian species (BIGGERS and DELAMATER, 1965; HUGHES, 1965; PHILLIPS, 1972) . Since the initial observation of sperm-pairing in Didelphis, it has been shown that the pairing occurs in the epididymis and not in the testis (RETZIUS, 1909; JORDAN, 1911; DUESBERG, 1920; MCCRADY, 1938; BIGGERS and CREED, 1962; PHILLIPS, 1974) . As the spermatozoa of the opossum pass through the epididymis, a very close association develops between the cell membranes of the heads of the spermatozoa in the regions of the acrosomes, but morphological junctions are not observed between the pairing heads (PHILLIPS, 1974) . Flagella of the paired spermatozoa beat in a co-ordinated, alternating manner (PHILLIPS, 1972) .
The present report describes the morphological appearances of the spermatozoa of the opossum, Didelphis virginiana, as seen by the light and scanning electron microscope and presents details of the pairing as it occurs in different regions of the epididymis.
MATERIALS AND METHODS
Spermatozoa from the epididymides of seven adult opossums were examined. The animals were killed by ether anesthesia, the scrotal sac was quickly opened and the testes and epididymides removed. The head, body and tail regions of the epididymis were identified, separated from each other and minced with sissors in Kreb's buffer. Samples of spermatozoa from each region were placed on glass slides, cover-slipped, and observed with phase-contrast and dark-field microscopy.
Additional aliquots of spermatozoa from each of the three regions were placed in 0.1% glutaraldehyde in Kreb's buffer (pH 7.4). The spermatozoa were osmicated in 1.33% OsO4 in buffer for 1hr according to ARNOLD et al. (1971) , dehydrated in alcohol, transferred to amyl acetate and pipetted onto small pieces of aluminum foil to be critical point-dried with liquid CO2. The aluminum foil strips containing the spermatozoa were then placed on spinner stubs and coated with gold-palladium to a depth of 20nm in a vacuum evaporator.
Specimens were viewed in a Cambridge Stereoscan Mark II electron microscope at 20kV of accelerating voltage. 
RESULTS
Spermatozoa from the first portion of the opossum epididymis are characterized by V-shaped nuclei that are positioned at right angles to the long axis of the tail (Fig.  1, 5, 6 ). A prominent cytoplasmic droplet envelops the nucleus and the anterior region of the mid-piece, resulting in the funnel-shaped head of the immature spermatozoon (Fig. 5, 6 ). An immature acrosome lies on the antero-dorsal surface of the nucleus of the spermatozoa recovered from this region of the epididymis (Fig. 6 ). All spermatozoa from the first portion of the epididymis exhibit the same general shape and nuclear conformation, are non-motile and remain unpaired. Spermatozoa from the central region of the epididymis show two marked morphological differences when compared to those in the first portion. A change occurs in the orientation of the nucleus, in which the V-shaped nucleus appears to undergo axis of the tail (Fig. 2, 3) . The cytoplasmic droplet observed in the immature spermatozoa of the first portion of the epididymis is lost by the time they reach the midportion of the epididymis (Fig. 7) . One arm of the V-shaped nucleus appears broader The acrosome (A) lies on the flat surface of the larger arm.
Note that the nuclei shown in both Figures and slightly longer than the other arm. The acrosome is borne on the broader arm of the nucleus (Fig. 7) . The mid-portion of the tail is attached to the head (nucleus) by a long connecting piece. The rounded end, or capitulum, of the latter fits into the articular fossa of the nucleus (Fig. 7) . Although both paired and unpaired spermatozoa are observed in the mid-region of the epididymis, all show the loss of the cytoplasmic droplet and a re-orientation of the nucleus. Spermatozoa from the central region also show a marked increase in motility.
Virtually all spermatozoa are paired in the caudal region of the epididymis (Fig.  4, 8) . Pairing results from the apposition of the larger nuclear arms and occurs in such a fashion that the flattened acrosomes become sandwiched between the two heads of the juxtaposed spermatozoa (Fig. 9, 10 ). There is a very close relationship between the adjacent cell membranes.
The paired spermatozoa from this region are very active and their tails beat in a coordinated manner. 
DISCUSSION
Although physiological changes (primarily motility) and subtle morphological changes occur during the epididymal maturation of spermatozoa from many eutherian species (BEDFORD, 1963 (BEDFORD, , 1975 BEDFORD and CALVIN, 1974; BEDFORD, CALVIN and COOPER, 1973; BLANDAU and RUMERY, 1964; CALVIN and BEDFORD, 1971; FAWCETT and HOLLENBERG, 1963; FAWCETT and PHILLIPS, 1969; FRAY, HOFFER and FAWCETT, 1972; GADDUM, 1968) , such changes are not nearly as marked as they are in the metatherian forms. The marsupial species are unique in that they exhibit definite changes in morphology (associated with maturation) during their transit through the epididymis. A number of studies have shown that major structural changes occur during the posttesticular maturation of spermatozoa in these particular mammals (HOLSTEIN, 1965; PHILLIPS, 1970; HARDING, CARRICK and SHOREY, 1975; TEMPLE-SMITH and BEDFORD 1976) . The metatherian forms generally show a consolidation of the acrosome, a reorientation of the nucleus and further differentiation of the mid-piece together with a loss of the cytoplasmic droplet.
In addition, the pairing of spermatozoa occurs in the epididymis of the new-world forms (BIGGERS and CREED, 1962; BIGGERS and DE-LAMATER, 1965; PHILLIPS, 1970 PHILLIPS, , 1974 . Spermatozoa of these animals, like other mammalian forms, become progressively more motile during their passage through the epididymis.
The present scanning electron microscopic study confirms the original transmission electron microscopic observations on immature spermatozoa of Didelphis by The V-shaped nucleus, middle piece (M) and connecting piece (arrow) are HOLSTEIN (1965) and sperm pairing by PHILLIPS (1974) . In the first portion of the epididymis the majority of spermatozoa show a V-shaped nucleus that lies perpendicular to the long axis of the tail.
The tail of the spermatozoa of Didelphis is attached to the head by a budlike thickening inserted into an indentation of the nucleus as seen in section (HOLSTEIN, 1965) . We have confirmed this observation with the scanning electron microscope and termed this region of the connecting piece the capitulum and the point where it attaches to the nucleus the articular fossa in accordance with the terminology suggested by FAWCETT and PHILLIPS, (1969) . A similar attachment between the head and tail is found in the wooly opossum (Caluromys philander) as well (PHILLIPS, 1970) . As spermatozoa pass to the mid-portion of the epididymis the nucleus apparently pivots around this attachment point (the connectparallel to the long axis of the tail. A similar re-orientation of the nucleus during maturation has been reported in the Australian marsupial Trichosurus vulpecula (TEMPLE-SMITH and BEDFORD, 1976) .
Subsequent to the re-orientation of the nucleus pairing occurs between the larger, flat nuclear arms of two spermatozoa sandwiching the acrosomes, which lie on this surface, between the two sperm heads. The only transmission electron micrograph showing the heads of pairing spermatozoa in Didelphis is that of PHILLIPS (1974) . The present scanning electron microscopic study not only confirms this description, but also demonstrates that the phenomenon of sperm-pairing in Didelphis occurs regionally in the epididymis.
The present and previous observations on marsupial spermatozoa have shown that in these particular species the spermatozoa show definite morphological changes that can be followed as they pass through the epididymis.
Such changes in morphology appear to correspond to the functional maturation of spermatozoa as they become a viable entity during their course through the epididymis.
These species should prove to be valuable experimental animals to study not only the phenomenon of sperm maturation but also the role the various segments of the epididymis play in the maturation of spermatozoa.
Although the significance of sperm pairing observed in new world marsupials remains unclear, it has been suggested by PHILLIPS (1974) that by pairing the acrosome might be protected during the passage of spermatozoa through the remainder of the male system and in the female tract.
